The educational timetabling problem has been extensively investigated in timetabling literature. However, the problem of assigning exams to examination buildings has not been studied intensively by researchers. We were inspired by Open and Distance Education System exams of Anadolu University. Anadolu University Open and Distance Education System, which is used by approximately two millions of students and has more than two millions of graduates, is a well-known institution in Turkey. In this study, we propose a multi-objective mathematical model for multisession exam-building assignment problem. Objective functions of this model are to minimize the distance between consecutive session buildings for a given student, to maximize the number of occupants of buildings in every session and to minimize the variety of booklets for building in every session. Mathematical model has been found inadequate because students-examination building assignment in the Anadolu University Open Education system is a large size real life problem. Starting from this point of view, an order-based multi-objective heuristic algorithm is developed to solve this problem. The solutions obtained by the proposed algorithm are compared with the solution obtained by the mathematical modelling and the current state of the existing system.
Introduction
Timetabling problems are a kind of assignment problems that deal with assigning a set of activities to a set of resources and time periods under a set of predetermined constraints. Timetabling problems range from construction of weekly course timetables and/or exam schedules in schools, colleges, and universities through to the timetabling of transport facilities such as buses, trains, or aircrafts [1] . Educational timetabling deals with timetabling at educational institutes. Educational timetabling is an important operational problem in many schools, colleges and universities [2] . Educational timetabling problems can be grouped into two categories; course scheduling and exam scheduling. Most educational institutions must schedule a set of examinations at the end of each session or year [3] . This study deals with exam-room assignment, which is under the head of exam scheduling. Exam-room assignment problems have not been extensively investigated in exam-timetabling literature [4] .
In general, real life problems [5] [6] [7] have multi objective structure. We focused on the works in literature, which have similar objective functions to our problem and have summed up these works briefly in the following. Kahar and Gendall [8] presented a real-life problem, which is capacitated examination timetabling problem with two new constraints. These constraints are the travel distance for lecturers/invigilators and splitting exams across rooms. They developed a graph coloring based algorithm. Dammak et al. [4] considered the problem of assigning a set of * corresponding author; e-mail: zergul@anadolu.edu.tr independent (non-conflicting) exams, having a given size, to a set of classrooms, having certain capacities, and formulated the problem as a transportation problem. In addition, they proposed a heuristic procedure known as max-size assignment to solve large scale problems. Sarin et al. [9] presented a methodology that relies on Benders' partitioning for university-timetabling problem. The performance of this methodology was measured by the total distance traveled by the faculty members from their offices in respective departments to the classrooms in which the courses were offered. Ayob and Malik [10] aimed to minimize the amount of students' movement between multiple rooms and suggested a heuristic that can be used to solve the model. Vermuyten et al. [11] presented a two-stage integer programming approach for a university course timetable that aims at minimizing the resulting student flows in the buildings.
In this study, the considered educational institute is Anadolu University Open and Distance Education System (ODES) which is the first and leading institution in Turkey, that offers higher distance education. Anadolu University ODES sets four examinations (two midterms, two final exams) for approximately 1 400 000 students, who have enrolled in the approximately 51 programs for each full semester. Each examination is held in four sessions on Saturdays and Sundays. In the fall semester, examinations of the first and fifth semesters are held in morning sessions and examinations of the third and seventh semesters are held in afternoon sessions. In the spring semester, examinations of the second and sixth semesters are held in morning sessions and examinations of the fourth and eighth semesters are held in afternoon sessions on Saturdays and Sundays. Each booklet in each session includes number of courses, from 1 to 5, and each (1207) course has 20 questions. Students have 30 minutes to answer these questions [12] . Anadolu University ODES uses approximately 9 666 examination buildings, 144 232 classrooms and 4 311 445 workers in 98 examination centers for each examination. Students, who were assigned to consecutive sessions, complain about distance between their examination buildings for the same day. Sometimes they cannot reach their second session examination building in the same day because of the distance between two examination buildings. So, this dissatisfaction is the motivation of our study.
In Section 2, we develop a multi objective mixed integer nonlinear mathematical model for examination building assignment for students. Based on the large scale of this real life problem, a heuristic solution algorithm is also proposed. Finally, in Section 3 the conclusions are given.
Solution approaches for multisession
exams-building assignment
Mathematical model
For student-examination building assignment of ODES a multi objective mixed integer nonlinear mathematical model has been developed with the following sets, parameters, decision variables, constraints and objectives. 2.1.1. Sets Students: I = {1, . . . , m} Sessions: J = {1, . . . , 4} Examination buildings: K, L = {1, . . . , p} Booklets: H = {1, . . . , o} 2.1.2. Parameters of the problem d kl : distance matrix (between examination buildings) q k : capacity of examination buildings KT hj : booklet-session matrix OK ih : student-booklet matrix M : a very big number (Big M ) 2.1.3. Decision variables x ijk = 1 if student i is assigned to examination building k in session j; 0 otherwise. y ij = 1 if student i is assigned to session j; 0 otherwise. b jk = 1 if session j is assigned to examination building k; 0 otherwise. c jk = 1 is the unused capacity of examination building k, assigned to session j. p kh = 1 is the number of booklets h in examination building k. r kh = 1 if booklet h is assigned to examination building k; 0 otherwise.
Constraints
x ijk , y ij , b jk , r kh ∈ {0, 1} ,
Equation (1) ensures that each student is assigned to at least one session. Equation (2) ensures that each student is assigned to a session, according to bookletsession matrix and student-booklet matrix. Equation (3) guarantees that each student is assigned to at most one examination building in each session. Equation (4) ensures that each examination building is assigned to at most four sessions. Equation (5) is a capacity constraint, which guarantees that the number of students is assigned to k th building is less than or equal to building's capacity. Equations (6), (7), (8), (9) and (10) are the relation constraints between the decision variables. Equation (11) gives the sign constraints.
The scalar objective function, as given in Eq. (15), consists of three terms. The first term, as given in Eq. (12), represents the total distance traveled by students, who have two consecutive sessions during the same day. The second term represents the total unused capacity of examination buildings (Eq. (13)). Finally, Eq. (14) represents the total booklet diversity of examination buildings.
Each of these three objective parameters is required to be minimized. In addition, to obtain a scalar sum of these three objectives, they were normalized.
Test problems given in Table I were solved by the optimization software GAMS 23.3.3. GAMS was not able to generate any solution for Test 1, which represents a medium size problem. As the problem is a nonlinear mixed integer programming problem, we chose suitable solvers of GAMS and the obtained results for the remaining test problems are given in Table II. These results are the best objective function values, obtained when the solvers stop searching for the optimal solution. Thus, it is clear that a heuristic solution approach is required for Anadolu University ODES large dimension (with approximately 1 400 000 students) problem.
Multi-objective heuristics
Multi objective heuristic algorithm uses additional parameters, which are upper limit of examination building's booklet diversity and lower limit of examination building's fill rate. This algorithm firstly assigns students to examination buildings in morning session and then assigns them to examination buildings in afternoon session, for each day with order-based procedures. The heuristic algorithm aims at assigning students, which have consecutive sessions, to as close as possible examination buildings during a day. For order-based procedure; the number of students are ordered decreasingly, based on diversity of booklets. Examination buildings are ordered decreasingly, based on their capacities and distance between the other buildings. The obtained solutions are evaluated and tried to be improved, according to the diversity of booklet amount of the buildings. To demonstrate the effectiveness of the proposed algorithm, three test problems are solved. The obtained three objective function values (Eq. (12), Eq. (13), Eq. (14)) of the proposed mathematical model and of the heuristic algorithm are given in Table III . It is seen that for minimum total traveled distance F 1 the heuristic algorithm performs better than mathematical model. However, mathematical model performs better than heuristic algorithm for minimum total unused capacity F 2 and the total booklet diversity F 3 . After these tests, a real examination data for a selected examination centers of Anadolu University ODES was considered. However, because of large dimension of the problem, an exact solution could not be obtained by the mathematical model. Thus, this problem is solved by the proposed algorithm. Comparison of the results obtained by the multi objective heuristic algorithm and of the current state is given in Table IV . Results of multi-objective heuristic algorithm are better than those of the current situation for minimizing distance and booklet diversity. However, for maximum total examination building occupancy, multi-objective heuristic's performance is not as good as that of currently used schedule.
Conclusions
In this study, we have developed a new mathematical model for the multisession exams-building assignment for a real-life problem of the Anadolu University ODES that has 1 400 000 students. This model can not generate a solution because of the dimensions of the problem. In order solve the problem, we have developed a heuristic algorithm, known as multi-objective heuristic algorithm. When we compare the current situation to the results of multi-objective heuristic algorithm, we see that multiobjective heuristic algorithm gives better solution than the current solution for minimizing the distance and the booklet diversity. The most common way to solve this problem involves the use of heuristics and/or metaheuristics, that guide the search into promising areas of the space. Besides, based on the literature [13] [14] [15] , hyperheuristics approaches, which may perform better than heuristics, can be considered as a future work. In addition, the invigilator-exam assignment problem can be considered, as a separate problem, in the future.
Anadolu University is a non-profit organization, so Anadolu University can bear the costs of the unused capacity of examination buildings. The mathematical model and multi-objective heuristic algorithm can provide a general solution approach for assigning students to examination buildings in educational institutions, which have same characteristics as Anadolu University ODES.
